Epigenetic modifications are involved in the pathogenesis of cancer, and histone deacetylase inhibitors are considered potential therapeutic agents. Histone tails undergo acetylation at lysine residues, which is associated with transcriptional activation. However, previous studies indicated that as histone deacetylase inhibitors, both (À)-epigallocatechin-3-gallate and valproic acid presented the effects of downregulation of amyloid precursor protein expression, which resulted in the induction of apoptosis. The downregulation of amyloid precursor protein, instead of conventionally activating gene expression as histone deacetylase inhibitor, was attractive. However, there was no relevant report on the correlation of the expression of amyloid precursor protein and histone deacetylase 1 in cancer. In the present study, we detected the expression of amyloid precursor protein and histone deacetylase 1 in hepatocellular carcinoma and adjacent tissues, as well as the correlations among histone deacetylase 1, amyloid precursor protein, and tumor stage. The results showed that the expressions of amyloid precursor protein and histone deacetylase 1 were significantly higher in hepatocellular carcinoma tissues than that in adjacent tissues (P < .05), however, there was no statistical difference between amyloid precursor protein and histone deacetylase 1 with tumor stages. The present findings provided more foundation for the study on amyloid precursor protein metabolism in cancer, especially on the regulation of amyloid precursor protein by histone deacetylases.
Abbreviations ACE, angiotensin-converting enzyme; AD, Alzheimer's disease; APP, amyloid precursor protein; DAPI, 4 0 ,6-diamino-2-phenylindole; ECE, endothelin-converting enzyme; EDU, 5-ethynyl-2 0 -deoxyuridine; EGCG, (À)-epigallocatechin-3-gallate; FBS, fetal bovine serum; HDAC, histone deacetylase; IDE, insulin-degrading enzyme; MTT, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide; NEP, neprilysin; PS1, presenilin 1; TUNEL, terminal deoxynucleotidyl transferase-mediated 2 0 -deoxyuridine, 5 0 -triphosphate (dUTP) nick-end labeling.
Introduction
In human cancers, aberrant epigenomics is known to contribute to neoplastic development, which includes DNA methylation, histone modifications, and noncoding RNAs. 1 Histone acetyltransferases and histone deacetylases (HDACs) are known to play an important role in gene expression. 2 Histone deacetylases have been shown to be commonly associated with many types of cancers and to affect cancer development. Consequently, numerous HDAC inhibitors (HDACis) have been identified and used in clinical trials for the treatment of cancer. 3, 4 Histone deacetylase inhibitors were mainly thought to act by modulating the gene expression patterns, including genes associated with cell cycle arrest and apoptosis, by inhibiting the activity of HDAC. 5 In particular, HDAC1 is believed to be crucial in controlling cellular apoptosis. 6 Vivek et al indicated that histone deacetylase inhibitor valproic acid (HDACIVA) inhibited cancer cell proliferation via downregulation of amyloid precursor protein (APP). Amyloid precursor protein is a highly conserved type 1 transmembrane glycoprotein with a receptor-like structure and consists of a heterogeneous group of proteins migrating between 110 and 135 kDa. [7] [8] [9] As a growth factor, APP has received considerable attention in the oncology field, where patients with increased APP levels have a significantly lower survival rate, and therefore, it has been suggested as a potential biomarker to evaluate cancer prognosis. 7, 10 Khue indicated a role of epigenetic mechanisms in APP pre-messenger RNA (mRNA) splicing such as DNA methylation, chromatin structure, and histone modifications. 11, 12 Previously, we demonstrated that as a HDACi, (À)-epigallocatechin-3-gallate (EGCG) induces cancer cell apoptosis via epigenetic modification of APP. Moreover, when specific silenced the expression of HDAC1 we found it leaded to APP downregulation, this also showed some connections between APP and HDAC1. As HDACis, different from conventionally activating gene expression, both EGCG and valproic acid (VA) led to APP downregulation, indicating acetylation could directly modulate effectors of apoptotic/cell survival. Hence, the APP expression is possibly associated with HDAC1 regulation.
In order to search for a link between APP and HDAC1, we have examined the expression of HDAC1 and APP in hepatocellular carcinoma (HCC) and adjacent normal tissue samples, as well as the correlation of APP and HDAC1 in the present study. Moreover, the relationship with tumor stage was also investigated. 
Materials and Methods

Specimen
Immunohistochemical Staining
The tissues were fixed in 4% paraformaldehyde solution, and then the samples were embedded in paraffin for immunohistochemical analysis. The sections were subsequently deparaffinized and rehydrated by xylene and graded alcohol for dewaxing and hydration and then washed with phosphatebuffered saline. The immunohistochemical staining procedure was performed according to the manufacturer's protocol (Tiangen Biotech, Beijing, China). Briefly, slides were blocked with 3% hydrogen peroxide to avoid the endogenous peroxidase activity. The primary antibody against APP (1:100; Bioss Biotechnology, Beijing, China) and HDAC1 (1:100; Cell Signaling Technology, Beverly, Massachusetts) was incubated overnight at 4 C. Then the slides were incubated with a secondary antibody (Bioss Biotechnology) for 20 minutes at room temperature, followed by 3,3-diaminobenzidine (Tiangen Biotech) and used hematoxylin to counterstain sections. In the negative control staining, we omitted the primary antibodies.
Image Acquisition and Analysis
All the slides were scanned under a light microscope (BX71; Olympus, Japan). The images were collected using the image analysis system under the same parameters at an absolute magnification of 200Â. Five fields of view for each section were randomly selected. For quantitative analyses, the Image-Pro Plus 6.0 software (Media Cybernetics) was used to determine the average optical density. Measurement parameters are area, mean density, and integrated option density (IOD). First, we wrote a microfile, for example, (1) setting macrofile name and shortcut keys; (2) opened a picture, loading the measurement parameter file (data. env); (3) selected colors, loading the options file (rgb24. Rge); (4) counted and selected the output data (export data) in the results column (Statistics) to; (5) the programming end. Then opened pictures, using the macro file shortcuts estimates, data is automatically input Excel. The data of immunohistochemical staining were collected and assessed by 2 researchers using a double-blind protocol.
Statistical Analysis
Excel libraries were used to perform statistical analysis, where all the results are named img with arabic numbers and then 1-way analysis of variance and Spearman analysis with the Statistical Package for the Social Sciences 17.0 were performed (SPSS Inc, Chicago, Illinois). P < .05 was considered statistically significant.
Results
Patients' Basic Information
Twenty-seven cases of HCC were included in the present study, 24 of them had paired adjacent tissues as the control group. Three adjacent tissues (00361, 00549, 00645) were missing, so the statistical analysis was taken by the 24 paired specimens. The general information is shown as follows ( Table 1 ).
The Expression of HDAC1 Was UpRegulated in HCC Cancer Cells
Previous publications showed that class 1 HDACs are highly enriched in many cancer cell lines. We first examined HDAC1 in 27 cases of HCC. Our immunohistochemical staining results showed that HDAC1 expression was significantly higher in HCC tissues than that in adjacent tissues ( Figure 1 ). The relative quantification analysis was evaluated by IOD using IPP 6.0 software and is shown in Table 2 , which excluded 00361, 00549, and 00645 tumor tissues ( Figure 2 ).
The High-Level Expressions of APP in HCC Tissues
Studies have shown that APP was pathophysiologically upregulated in various cancer types, including melanoma, lung cancer, gastric and prostate cancer, pancreatic cancer, and oral squamous cell carcinoma. [13] [14] [15] [16] However, its expression in HCC remains unknown. The clinicopathological findings by immunohistochemical analyses are shown in Figure 3 . The levels of APP in tumor tissues and adjacent tissues were significantly different. The staining of APP appeared not only in the cell membrane but also in the cytoplasm. Results of the IOD analysis showed that APP expression was obviously higher in HCC tissue than in adjacent tissue (Table 3) , which also excluded 00361, 00549, and 00645 tumor tissues (Figure 2 ).
Relationship Among APP, HDAC1, and the HCC Stage
To further evaluate the correlation of APP and HDAC1, spearman analysis was conducted, and the results showed that there was no statistical difference between APP and HDAC1 expression in HCC (P ¼ .558, Table 4 ). Moreover, the correlations of APP or HDAC1 with HCC stage were also analyzed, HDAC1 Spearman r ¼ 0.268, P ¼ .206 (Table 5 and Figure 4A ) and APP Spearman r ¼ À0.159, P ¼ .458 (Table 6 and Figure 4B ), and these results indicated that there was no significant difference in the HCC stage with HDAC1 or APP expression.
The Special Expression in HCC Tissues and Adjacent Tissues
In most specimens, we found that the higher expression of APP was consistent with higher expression of HDAC1 in HCC tissues than in adjacent tissue. However, in the 00021 specimen, the expression of HDAC1 was higher in adjacent tissues than that in tumor tissues, so does APP ( Figure 5 ). We also found another interesting phenomenon in specimen 00467, that is, the expression of APP and HDAC1 presented a negative correlation (Figure 6 ), in which HDAC1 expression was higher in tumor tissue, whereas there was no significant difference in APP expression between tumor tissue and adjacent tissue.
Discussion
Recent evidence supports the observation of an inverse link between cancer and Alzheimer disease (AD). 13 It meant that having one of the disease may reduce the risk of the other diseases, suggesting a common mechanism linking between AD and cancer. 13 Nevertheless, cancer and AD had been demonstrated to be a common manifestation of both genetic and epigenetic modifications. [14] [15] [16] Studies showed epigenetic linkage of aging, cancer, and nutrition. 17, 18 Histone deacetylase inhibitors have been proven to be important key targets in cancer therapy and also have attracted significant attention to treating neurodegenerative disorders recently. [18] [19] [20] [21] [22] Our previous studies found EGCG as an HDACi could inhibit the growth of adrenal pheochromocytoma, meanwhile, its neuroprotective effect was also confirmed in the AD model both in vivo and in vitro.
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The cross talk of genes in different diseases has attracted increasing attention recently. We also find that the disorder of APP occurs in both AD and cancer. The widely studied in detail mainly because of APP its vital pathophysiological functions in AD, mutations cause the accumulation of neurotoxic b-amyloid. 23, 24 However, studies have shown that APP was also upregulated pathophysiologically in various cancer types, including melanoma, lung cancer, gastric and prostate cancer, pancreatic cancer, and oral squamous cell carcinoma and indicated that the patients with higher APP levels have a significantly lower survival rate. [25] [26] [27] [28] Our results showed that the expression of APP was also in HCC.
A number of well-characterized epigenetic modifications are linked to aberrant gene functions and altered patterns of gene expression that play critical roles in the pathobiology of cancer. 29 Our previous study demonstrates that EGCG inhibits HDAC1 activity and downregulates APP, which results in the induction of apoptosis in cancer cells and suppresses tumor growth. Moreover, Vivek et al indicated that HDACIVA inhibits cancer cell proliferation and this process is achieved by downregulating APP. These findings strongly suggested that there was a correlation between APP and HDACs.
Histone acetylation is often associated with the transcription of genes characteristic in a differentiated state. The acetylation at lysine residues is one of the most thoroughly studied modifications of histone tails, which is associated with transcriptional activation. 30 By contrast, histone deacetylation correlates with transcriptional silencing, specifically with the downregulation of the expression of proapoptotic genes in cancer cells. 31, 32 However, our previous study found that EGCG promoted the downregulation of APP, instead of conventionally activating gene expression as HDACi. Recently, it has been proposed that it would not be the only mechanism responsible for the antiproliferative/proapoptotic action of these drugs by HDACi-inducing chromatin remodeling. Acetylation can directly modulate effectors of apoptotic/cell survival mechanisms. 33 Our immunohistochemical staining results showed that HDAC1 expression was significantly higher in HCC tissues than that in adjacent tissues. So far, there was no relevant report on the correlation of the expression of APP and HDAC1 in cancer. As HDACi, EGCG directly induced the apoptosis of cancer cells, consistent with the increase in acetylation. Moreover, we found that specific knockdown of HDAC1 lead to the downregulation of APP and resulted in executor protein caspase-7 cleavage, ultimately inducing the apoptosis, which highlighted the role of APP as a critical player in the effect of EGCG as a HDACi on proapoptotic activity. In the present study, most specimens were found that the higher expression of APP was consistent with higher expression of HDAC1 in HCC tissues. It was in a good agreement with our previous study and other studies. Interestingly, there were 2 special specimens (00021 and 00467) present higher APP expression and HDAC1 expression in adjacent tissues than that in tumor tissues. APP expression and HDAC1 expression in adjacent tissues than that in tumor tissues. We suspected that the tumor cells maybe have diffused and invaded the adjacent tissues in this patient. It indicated that the changes in APP and HDAC1 expression might have occurred before other clinical characteristics. However, 00467 showed that HDAC1 expression was higher in tumor tissue, while there was no significant difference in APP expression between tumor tissue and adjacent tissue. Even though APP presented a slightly higher trend in adjacent tissues than that in the HCC tissue, the APP metabolism process is in close contact with the tumor. Our previous studies have shown that APP metabolism in tumor and in AD model was different. As HDAC1I, EGCG downregulated the total APP expression both in tumor and AD. However, the product of APP proteolysis, the non-amyloidogenic a-secretase activation of APP thereby secretes soluble Amyloid precusor protein (sAPPa), was upregulated in AD, whereas it was downregulated in tumor. These results indicated that APP metabolism was complicated and varied in different situations and was under epigenetic modifications, so that the 00467 specimen will be further explored in the APP proteolysis process, as well as the other clinical characteristics.
We also analyzed the link between APP and HDAC1 expression in HCC. Moreover, the correlations of APP or HDAC1 with HCC stage were also analyzed, and the results indicated that there was no significant difference in the HCC stage with HDAC1 or APP expression. However, there was a trend that in stages 2 and 3, the staining of APP was relatively stronger than that in stage 1. However, there was no statistical significance between APP or HDAC1 expression and HCC stage. We speculated that it might be due to the little sample amount and only 24 paired specimens were involved in the analysis.
Khue suggested the epigenetic regulation in APP. The real profile of APP isoforms accounted for epigenetic mechanisms in the regulation of alternative APP pre-mRNA splicing from normal patients as well as from patients with Lesch-Nyhan syndrome (LNS) and Lesch-Nyhan variants (LNV). It suggests a role for epigenetic mechanisms and implications for the uncovered role of epigenetic components, such as DNA methylation, chromatin remodeling, histone modifications, small interfering RNA, and so on, in the regulation of alternative pre-mRNA splicing. 30 Previously, we found that the HDACi, EGCG, induces cancer cell apoptosis via epigenetic modification of APP. Moreover, specific silenced HDAC1 led to APP downregulation. As HDACis, both EGCG and VA are not conventionally activating gene expression but led to APP downregulation, indicating acetylation could directly modulate effectors of apoptotic/cell survival. Hence, the APP expression is possibly associated with HDAC1 regulation. However, the underlying mechanism is still elusive. The present findings provided more foundation for our further study on APP metabolism in cancer, especially on the regulation of APP by HDACs. We intend to fully explore the epigenetic mechanism of HDACs on APP regulation in a future study. Moreover, the special specimens such as 00021 and 00467 need further study.
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